T he global prevalence of obesity is increasing epidemically. 1 A principal mechanistic core of obesity and associated disorders, including the metabolic syndrome (MetS), type 2 diabetes mellitus, and atherosclerosis, resides at the interface of metabolic and inflammatory pathways. 2 Recent insights into the complex mechanisms that link fatty acids and other lipid signals to inflammatory responses have substantially advanced the understanding of atherosclerotic lesion formation. 2, 3 Adipocyte fatty acid-binding protein (A-FABP, also designated as aP2 or FABP-4) is a major cytoplasmatic protein that is abundantly expressed in mature adipocytes and activated macrophages. 4, 5 It belongs to the superfamily of small molecular weight (14kDa to 15kDa) lipid chaperones known as fatty acid-binding proteins (FABP), a group of molecules that coordinates lipid responses in cells and integrates inflammatory and metabolic responses. 3 In previous animal studies, mice with A-FABP deficiency were protected from developing hyperglycemia, insulin resistance, and dyslipidemia when challenged with genetic and dietary obesity. [6] [7] [8] Furthermore, in apolipoprotein E-deficient mice, ablation of the A-FABP gene conferred dramatic protection against atherosclerosis in the settings of early and advanced atherosclerosis. 5, 9 A recent study demonstrated that an orally active and specific A-FABP inhibitor is highly effective for the treatment of both atherosclerosis and type 2 diabetes mellitus in independent mouse models. 10 Whether these mechanisms also apply to human disease, where a promoter polymorphism, T-87C, of the A-FABP gene resulting in reduced adipose tissue A-FABP mRNA expression has been linked to reduced risk of coronary heart disease (CHD), 11 is not clear yet. Recent studies have demonstrated that A-FABP, although traditionally considered an intracellular cytosolic protein, was released from adipocytes and abundantly present in the circulation, closely correlating with several key features of MetS, including parameters of adiposity, atherogenic dyslipidemia, insulin resistance, hyperglycemia, and hypertension. [12] [13] [14] Recently, the association between A-FABP and MetS was confirmed in patients with prevalent coronary artery disease. 15 In an Asian population, A-FABP levels predicted the incidence of MetS and type 2 diabetes mellitus over the course of 5 and 10 years, respectively. 13, 14 Furthermore, Yeung et al reported an independent association between circulating A-FABP levels and carotid atherosclerosis. 16 These findings suggest a pathogenetic role of A-FABP in atherosclerotic lesion formation in humans, as has been observed in experimental animals. This is further supported by 2 recent observational longer term follow-up studies in which higher A-FABP was associated with 7-year cardiovascular mortality in 61 patients with end-stage renal disease. 17 Moreover, A-FABP accumulation in atherosclerotic plaques was associated with an unstable plaque phenotype and predicted 3-year adverse cardiovascular events in 561 patients after carotid endarteryectomy. 18 We hypothesized that circulating A-FABP levels are associated with the cluster of metabolic and inflammatory risk factors in patients with manifest atherosclerosis that predispose increased risk for recurrent cardiovascular events among this high-risk population. In addition, we prospectively investigated the 10-year risk of cardiovascular disease (CVD) morbidity and mortality in relation to the baseline A-FABP levels, which would be a readily accessible marker in routine settings, in 1069 patients with prevalent CHD.
Methods

Study Population
Patients with incident CHD (International Classification of Diseases, 9th rev. codes 410-414) aged 30-70 years and participating in an inhospital rehabilitation program between January 1999 and May 2000 in 2 cooperating clinics (Schwabenland-Klinik, Isny, and Klinik am Südpark, Bad Nauheim, Germany) were enrolled in the study (the total response during baseline recruitment was 58%, resulting in a total number of 1206 patients included in the study at baseline). The design and methods of the study have previously been reported.
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Data Collection and End Point Definition
In all patients, active follow-up was conducted 1, 3, 4.5, 6, 8, and 10 years after discharge from the rehabilitation center. Follow-up information and A-FABP measurements were available for 1069 patients (88.6%). Information regarding secondary cardiovascular events and treatment since discharge from the in-hospital rehabilitation clinic was obtained from the primary care physician also by means of a standardized questionnaire. If a patient had died during follow-up, the death certificate was obtained from the local Public Health Department and the main cause of death was coded according to ICD-9 (1-, 3-, or 4.5-year follow-up) or ICD-10 (6-, 8-, or 10-year follow-up). Secondary cardiovascular events were defined either as CVD as the main cause of death (as stated in the death certificate), nonfatal myocardial infarction (MI), or nonfatal cerebrovascular event (stroke). All nonfatal secondary events were reported by the primary care physicians (the last follow-up information was obtained on May 6, 2008) .
Diagnosis of MetS was based on a modified version of the National Cholesterol Education Program Adult Treatment Panel (NCEP ATP III) and defined as the presence of at least 3 of the following at baseline: body mass index (BMI) >30 kg/m², triglycerides ≥150 mg/dL (≥1.69 mmol/L), high-density lipoprotein (HDL) cholesterol, men <40 mg/dL (<1.03 mmol/L), women <50 mg/dL (<1.29 mmol/L), blood pressure ≥130/85 mm Hg, and fasting glucose ≥110 mg/ dL (≥6.11 mmol/L). In the modified version, BMI instead of waist circumference was used as a measure for adiposity. The study complied with the Declaration of Helsinki and all subjects gave written informed consent. The study was approved by the Ethics Boards of the Universities of Ulm and Heidelberg and of the Physicians' chamber of the States of Baden-Wuerttemberg and Hessen (Germany).
Clinical Chemistry
Blood was drawn at baseline at the end of rehab (mean time from the acute event was 40 days [1st quartile 34 days, 3rd quartile 49 days]) in a fasting state under standardized conditions and stored at −80°C until analysis. Serum A-FABP concentrations were measured by ELISA (BioVendor, Brno, Czech Republic). The intra-and interassay variations were 2.8% and 4.6%, respectively. High sensitive C-reactive protein (hs-CRP) and interleukin-6 (IL-6) were determined by a high-sensitivity assay (N Latex CRP mono, Dade Behring, Marburg, and R&D Systems, Wiesbaden, Germany). Serum adiponectin and retinol-binding protein (RBP)-4 levels were measured by ELISA (adiponectin; ALPCO, Salem, NH; RBP-4; Immundiagnostic, Bensheim, Germany). Cystatin C concentrations were measured by immunonephelometry on a Behring Nephelometer II (Dade Behring). Fasting glucose was measured by a glucose oxidase method. Triglyceride, total cholesterol, and HDL cholesterol levels were quantified by standard laboratory methods (all markers measured before rehab discharge) and low-density lipoprotein cholesterol levels were calculated by using the Friedewald formula. All laboratory measurements were performed in blinded fashion.
Statistical Analysis
The distribution of A-FABP according to sociodemographic characteristics and various cardiovascular risk factors was analyzed by tabulation, age-and sex-adjusted Spearman correlation, and appropriate statistical procedures (χ 2 or Kruskal-Wallis test). In multivariable logistic regression analyses, the independent association of A-FABP levels with the presence of MetS was evaluated. Regression modeling was carried out as available-cases analysis, (ie, excluding observations with missing values only from models in which the respective variable was required). The models included A-FABP, age, and sex (model 1), and additionally adiponectin, RBP-4, and hs-CRP levels (model 2), previously shown to be markers of MetS. 22, 23 For calculation of the odds ratios, patients were categorized in quintiles based on percentiles of the A-FABP concentrations.
The relation of circulating A-FABP levels at baseline (categorized in quintiles) with CVD events during follow-up was assessed by the Kaplan-Meier method and tested for significance by means of the log-rank test. We examined the association of A-FABP levels with secondary CVD events corrected for several adjustment sets in multivariable Cox proportional hazards analyses. Model 1: age, sex and BMI; these can be considered classical confounders influencing both A-FABP levels and prognosis and were adjusted for in all models. Model 2: additionally included other traditional cardiovascular risk factors (low-density lipoprotein cholesterol, smoking status, history of hypertension, and creatinine clearance), as well as disease severity indicators associated with prognosis in patients with stable CHD (number of vessels affected, discharge prescription of β-blocking agents, diuretics or angiotensin-converting enzyme inhibitors, and history of MI); to avoid overadjustment, only variables associated with secondary events in age-and sex-adjusted models with P<0. 10 or whose inclusion in model 1 changed the A-FABP 5th-quintile coefficient by more than 10% were included at this stage. Adjusting for all variables included in model 2, we further controlled for markers of systemic inflammation (hs-CRP and IL-6; model 3), or markers of lipid and glucose metabolism (triglycerides, HDL cholesterol, history of diabetes mellitus, and fasting glucose; model 4), which are assumed to depend on A-FABP and potentially mediate its cardiovascular risk. Significance tests were 2-tailed, and P values <0.05 were considered statistically significant. All statistical procedures were carried out with the SAS statistical software package (release 9.1, 2003, SAS Institute Inc., Cary, NC). The %ROCPLUS macro (http:// mayoresearch.mayo.edu/mayo/research/biostat/sasmacros.cfm) was used for the calculation of the area under curve and the net reclassification improvement of models predicting outcome events. Table 1 shows baseline characteristics with respect to occurrence of secondary CVD events during follow-up. Among the 1069 subjects included in the 10-year follow-up assessment 204 patients experienced a secondary CVD event (91 patients died from CVD, for 60 patients a nonfatal MI and for 53 patients a nonfatal cerebrovascular event was reported). Individuals with an incident secondary CVD event were older and included a larger proportion of patients with diabetes mellitus as compared with patients with event-free survival (Table 1) . Moreover, individuals with secondary CVD events had higher levels of A-FABP, triglycerides, fasting glucose, hs-CRP, IL-6, systolic blood pressure, and of cystatin C, and a lower creatinine clearance than subjects who did not develop CVD events during follow-up ( Table 1) .
Results
Baseline Characteristics
The relationship among various sociodemographic and cardiovascular risk factors and the median of circulating A-FABP levels is summarized in Table 2 . The median A-FABP statistically significant increased with older age and was higher in female than in male patients. Presence of MetS and individual components, defined as BMI>30 kg/m², triglycerides ≥1.69 mmol/L, fasting glucose ≥6.11 mmol/L, and history of diabetes mellitus and hypertension, were also associated with an increased median of A-FABP. Moreover, A-FABP levels were higher in patients with increased levels 
Adiponectin, mg/L † 6.8 (4.6-10.3) 7.1 (4.9-11.6) ns of markers of systemic inflammation, including hs-CRP and IL-6 (all P values <0.001). Median A-FABP levels were significantly increased in patients with impaired renal function, with intake of angiotensin-converting enzyme inhibitors or metformin and decreased in subjects receiving lipid-lowering drugs (Table 2) . Partial Spearman correlation coefficients between metabolic, inflammatory and other traditional cardiovascular risk factors, and A-FABP are presented in Table 3 . In age-and sexadjusted analyses serum A-FABP levels were significantly correlated with BMI, HDL cholesterol, triglycerides, fasting glucose, hs-CRP, IL-6, RBP-4, creatinine clearance, cystatin C, and systolic and diastolic blood pressure. For parameters other than creatinine clearance, these associations were not substantially altered when male and female patients were analyzed separately, except for the associations between A-FABP and fasting glucose and diastolic blood pressure that remained clearly significant only in female patients and a significant negative correlation between A-FABP and HDL cholesterol that was found in men only (Table 3) . By far the strongest correlation was seen with BMI, and this correlation was particularly strong in women.
Serum A-FABP and the MetS
On the basis of the NCEP ATP III criteria, MetS was diagnosed in 239 (22.6%) of the 1059 individuals studied (n=10 excluded because of missing values). We performed multivariable logistic regression models to estimate the odds ratios for MetS at baseline across quintiles of serum A-FABP. After sex-and age-adjustment, patients in the second, third, fourth and top compared with the bottom quintile of A-FABP had a significantly increased risk of prevalent MetS (P≤0.007 for all quintiles; . A significant association with stepwise increase was also observed when male and female patients were analyzed separately (P<0.001 by Kruskal-Wallis test for both; Figure 1 ).
Serum A-FABP Levels and Risk of Secondary CVD Events
After the 10-year follow-up (median follow-up, 119. log-transformed) continuous variable in the latter models, the HR for secondary CVD events per unit increase was 1.27 (95% CI 0.95-1.71) and 1.24 (95% CI 0.93-1.65), respectively. Further adjustment for lipid-lowering drugs, or for intake of angiotensin receptor blockers or metformin, had no significant effect on the A-FABP associations with the secondary CVD events. Finally, age-and sex-adjusted HR for subjects with baseline A-FABP in the top quintile did not change substantially after controlling for prevalence of MetS, its individual components, or markers of systemic inflammation (Table 6) . Notably, there was a deviation from the proportionality of hazards in these models (ie, an interaction term between logobservation time and the exposure variable was statistically significant [eg, P=0.015 in Table 5 , model 2]). This was in line with the Kaplan-Meier plot, which suggested a clear separation of the survival curves of the highest 2 quintiles during the earlier follow-up, while there seemed to be more pronounced excess mortality in subjects with lower A-FABP beyond month 96 of follow-up (Figure 2A ).
In contrast, there was no statistically significant deviation from the proportionality of hazards when analyzing cardiovascular death as the outcome ( Figure 2B ). The associations of A-FABP with outcome rates appeared more pronounced, with an almost 6-fold risk in the highest versus lowest quintile. Across increasing covariable adjustment sets, the associations were attenuated, but remained statistically significant (Table 5) , and the top quintile estimate remained stable when adjusting for MetS variables (Table 6 ). Additional adjustment for intake of lipid-lowering drugs, angiotensin receptor blockers, or metformin likewise did not affect the results.
There was no statistically significant interaction of A-FABP with sex for either outcome (not shown). Evaluating classification performance, the area under the curve of a (logistic) regression model predicting secondary CVD events from all covariables included in model 2 in Table 5 
Discussion
This 10-year prospective study in 1069 patients with stable CHD at baseline provides the longest observational clinical evidence so far available for serum A-FABP and underlines that this circulating protein may be an important pathoyphysiological mediator of future cardiovascular morbidity and mortality in individuals with manifest atherosclerosis. In this population, increased serum A-FABP levels were also associated with metabolic and inflammatory cardiovascular risk factors at baseline, including adiposity, atherogenic dyslipidemia, hyperglycemia, hypertension, hs-CRP, and IL-6. During the long-term follow-up, A-FABP significantly predicted major secondary CVD events (cardiovascular death, nonfatal MI, or ischemic stroke) in crude analyses and for the most impactful outcome of cardiovascular death even after adjustment for established cardiovascular risk factors and lipid-lowering drugs. These findings suggest an independent proatherogenic role of this protein in serum, thereby expanding earlier evidence related to A-FABP as a prognostic cardiovascular risk marker. This was so far based on special populations, comprising end-stage renal disease patients 17 and patients after endarteryectomy in which A-FABP was determined in atherosclerotic plaques, a tissue not readily available in clinical screening settings. 18 Atherosclerosis is the leading cause of death in developed countries and dysregulation of lipid metabolism and aberrant inflammatory responses represent key features of this disease. 24 As the major storage site for lipids, adipose tissue has been studied extensively with regard to its role in metabolic regulation through lipid signaling. [2] [3] [4] [5] [6] [7] [8] However, the exact mechanisms that link lipid signals to inflammatory responses and the formation of atherosclerosis still have to be elucidated. In this context A-FABP, one of the most abundant cytoplasmatic proteins in adipocytes, has been demonstrated to act at the interface of metabolic and inflammatory pathways, thus, exerting a dramatic impact on obesity, type 2 diabetes mellitus, and atherosclerosis in experimental mouse models. [5] [6] [7] [8] [9] [10] [25] [26] [27] Recently A-FABP was shown to be released from adipocytes and abundantly present in human serum. 12 Moreover, circulating A-FABP predicted the development of MetS and type 2 diabetes mellitus in longterm follow-up studies. 13, 14 However, the clinical relevance of these findings and its potential pathophysiological implications on atherosclerotic disease in humans is still unknown. Recent evidence suggests that A-FABP is related to cardiovascular death in patient populations known to be in a proinflammatory state, such as individuals with end-stage renal disease. 17 Our data support this link between serum A-FABP and fatal cardiovascular outcome and it is tempting to speculate that circulating A-FABP could mirror local vulnerability of A-FABP-enriched atherosclerotic plaques, 18 a potentially vicious condition that would link A-FABP with fatal atherosclerotic events.
Although evidence suggests that adipose tissue is the main source of circulating A-FABP, 13 the proatherogenic activities of this protein appear to be mediated by its direct actions in macrophages. 5 Overexpression of A-FABP in human macrophages directly drives intracellular cholesterol ester accumulation and foam cell formation, 28 whereas A-FABP deficient macrophages exhibit markedly reduced production of proinflammatory cytokines. 29 In our study, we observed a significant positive association between serum A-FABP and markers of systemic inflammation, further supporting the central role of A-FABP in systemic inflammatory responses. Increased systemic inflammation was reported to predict CVD outcome in high-risk patients. 30, 31 Findings from this study, however, *Adjusted for age, sex, BMI, and covariables selected as described in the methods section (LDL cholesterol, smoking status, impaired renal function, discharge prescription of diuretics, ACE inhibitors, and history of myocardial infarction). † Adjusted for above listed variables (*), and high sensitive C-reactive protein and interleukin-6. ‡ Adjusted for above listed variables (*), and HDL cholesterol, triglycerides, history of diabetes mellitus, and fasting glucose. § Of natural log-transformed A-FABP.
suggest that in addition to its proinflammatory trait, A-FABP may influence the atherosclerotic process also through other mechanisms, as a strong and significant association with secondary cardiovascular events persisted even after control for markers of inflammation.
Effects of A-FABP on lipid metabolism and associated metabolic responses could act as an alternative pathopyhsiological mediator of atherosclerosis. Lipid disorders have been identified as a key feature in the atherosclerotic process, and A-FABP links fatty acids and other lipid signals to metabolic responses in animals. 7, 8 Consistently, serum A-FABP was associated with markers of lipid metabolism in clinical studies, 12, 13 and there is considerable evidence that expression, regulation, and metabolic function of A-FABP in humans may be similar to that in mice. In fact, a genetic variant was identified within the promoter region of human A-FABP gene, resulting in genetically determined reduction of A-FABP mRNA levels in adipose tissue. 11 Notably, individuals with this genetic variant also had lower triglyceride levels and reduced CVD risk suggesting a pathogenetic role of A-FABP in lipid disorders and associated atherosclerosis, as seen in animals. Our findings that high-A-FABP serum levels strongly correlate with triglyceride levels in patients with CHD is consistent with an adverse effect of increased A-FABP expression on lipid metabolism; in fact, this association may partly account for the observed association between circulating A-FABP and secondary CVD events because our results were more influenced by triglycerides than by any other risk factor when included in the statistical models. Indeed, further research is needed to clarify the proposed pathophysiological role of A-FABP in humans and to explore alternative mechanisms by which A-FABP could initiate the atherosclerotic process and deteriorate the progression of this disease. In this context, recent studies directly targeted A-FABP with orally active small-molecule inhibitors and proved this to be an effective therapeutic agent against severe atherosclerosis and type 2 diabetes mellitus in mouse models. 10 Translation of this innovative therapeutic approach into human prospective studies, involving patients at increased risk for vascular disease, will be of great interest.
The following limitations of our study should be considered. We could successfully follow-up with 87.2% of the patients. Patients lost to follow-up were, in general, younger and had fewer CVD risk factors (ie, lower BMI and lower CRP values). Although we had a large sample of patients with incident CHD, fatal CVD events were rare in this study population. This may be explained by the fact that mortality of MI is highest during the pre-and early in-hospital phase. In the current study, only patients who were admitted within 3 months after their first acute event had been included. In classification performance analyses, adding A-FABP to well-established cardiovascular risk factors resulted only in minor improvements to the overall predictive value of the models. Thus, our long-term follow-up study does not support a clinical assessment of serum A-FABP for cardiovascular risk stratification, which, however, does not compromise any of the pathophysiological interpretations of the results. Further studies are needed to allow detailed and a priori-specified comparisons of A-FABP to other potential cardiovascular risk markers, such as adiponectin. 21 Interventional studies aiming to reduce serum A-FABP in humans are still lacking. Moreover, extrapolation to current patients should be done with caution, bearing in mind that recruitment of individuals for this study occurred more than 10 years ago. For instance, none of our participants were treated with thiazolidinediones at discharge; usage of these modern drugs could change the associations described in the present study in current patient populations. Finally, outcome assessment may have been imperfect because we had to rely on external information in our study setting including a very large catchment area; this source of error, however, should have been independent from A-FABP and thus should have introduced statistical noise rather than spurious associations in our data.
In conclusion, we demonstrate that serum A-FABP levels significantly correlate with inflammatory and metabolic risk factors in patients with prevalent CHD. Moreover, circulating A-FABP is independently associated with a fatal 
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